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Q.aln flfid loss of chfomosomsl oiatsrifll Is c^iaraotsflBito 
of btaddsr osnosft ss wMl as imfflgnsnt tiwisfof luofion In 
senersL Tlie cohsequenoes of these charges at both the 
transcripilon and translallon lovels Is at pi^Mom unknown 
partly because of technlcei BmKafiona. Hare we have afr> 
tempted to adcftess 4ils question in p^ of noiHnvBsive 
.and Invasive human btBfidbv ttmiora usbig e ooinbtnsflon 
of technologyihat Included ooiripaialhre Qenomto hybrid- 
IzaHon, high density oSeomioleotide array-based motor- 
ing of transcript Isvela fSBOO geiies), and hUh resolution 
iwo-dbnensional gel elecftra|>horesis. Hio nstdts shoivad 
that tfiero is a gene dosage elisot ^at fin some cases 
superimposes on other ragulalory mechan i sms. This ef- . 
feet depended |p < OMSk on the ma qnH iii e of the oo/n- 
parattve genomic l^bridlsEMion change, lii genefei (18 of 
23 casea)^ chromosomal afsaa wHh more than 2-1bld jaIn 
of DMA Bhowed a coirsspQp<9iig bicrease ih nnRm ban- 
scripia. Areas with loss of DKAp on the ottiair htttd, 
shoMred efther reduced or unaltered transcr^ 
cause most protalns resolved by tvwMibiiensional gels 
• are unknown it was only possible to compare mRNA and 
protein alterations In^relatlvely few oases of well focused 
abundant proteins^ ^gClh few exeeptions we found a good 
comlafion (p < OJOHH^ between transcr^ aitarstions and 
protein levele. The ImpncationSi as weO as' BmltateiSp 
of thii approach are discussed. AMeoular A CeBulBr 

•5 • - . . 

, Anei4>loldy is a common feature of most human cancers 
(1), but little is known about the genome-wide effect of this 

FVom the 4:OepQrtm8nt of CIHcal Blocheinlslky. Molacular Dlag- 
oosiic Ubomtaiy and **Oepaitmsm of Urology, Aartius umvofslty 
Hospitd. Skejby, DK-aSOQ Aarhus Np Denmark, lAROS Appfiad Bk>- 
tdchnology ApS, Qustav WiedsveJ 1 0. DK-8000 Aarhus O. Denmark. 
iUCSF Cancer Center and Department Of Lat>orfitory Medldne, Uni- 
wmity of Cemomla. San Francisco* CA 04143^)808, and ^In&tttiite 
of Meifloal Biochemistry and Danish Centre for Human Qenoma Re- 
search, Ole Wonns 170. Aarhus Unlvei«Hy. DK-8000 Aartiua C« 
Denmark 

Received. September 26. 2001, and In revised form. Novemtier 7, 
. 2001 

Published. MCP Papers In Press. November 13, 2001. DOI 
10.tO74Micp.M1OOD194ACP20O 



phenomenon at both the transcrfptton and IrandatlonJevels. 
fiigh throughput array studies of the breast cancer cell nhe 
BT474 has suggested that there Is a conrelatfon t)ehveen 
DNA copy numbers and g^ne expresskm In^ highly amplified 
areas (2)» and studies of Individual genes In solid tumors 
have revealed a goocfx^ofrelatlon between gene dose and 
mRNA or protein levels In the case of o-ert>-82, cycifn d1, * 
emst, and N-myc (3--5}.. However, a high cycHn 01 protein 
expression has been otiserved without sfmuttaneous am- 
pllfloatfon (Air and a loW level of o-myo copy numtmr in- 
crease was observed without concomitant o-myo protein 
overexpression {d)« . 

tn hunran bleudder tumoi8» kaiyqtyplrHit ftuora^iQimt In. siiu 
hybrtdtzakion, aiid comparative eenomlo hytxfdteaflonCOQH)^ 
have raweaied duomosomal aberrations that aeem to be 
characteristic of certain stages of disease progression.. In the 
case of non*4nva^ve pTa^ansltlonal cell carcinomas (rCCs), 
this fndudes loss of ^vomosome 9 or parl^ of ft, as weO as 
loss of Y in males. In minimally Invasive pTI TOCs, tHe fol- 
lowing alterations have been reported: 2q-. lip-. 1q+. 
1lq13+. i7q-i-. and 20q+ (7-12). It has traen suggested that 
these regions .harbor tumor suppressor genes and onco- 
Oenesf liowavefa the large olvuinc^omal areas Involved often 
contain many genea, making tneanlngfOI predictions of the 
fiinctfonal cor^equenoes of losses and 9abis.^rery difflculL 

In this ihvestlgsftion we4iave combined getK>me-wlde tech- 
nology for detecting genomic gafris and losses (OQH) wHh 
gene expression ptofUlr^o techniques ^croarrays and piro- 
teomlcs) to detennlne the effect of gene copy number on 
transcript and protein levels In pairs of norHnvasiva and In- 
vasive human bladder TOCs. 

EXPERIMENTAL PftCCEDUaES 

MaMo/— Bladder tumor bbpslas^ were sampted after Informed 
cdfisent was obt^nad and alter removal of tissue for routtne palhol* 
ogy examination. By light mtooaoopy tumors 3$5 and 5S2 were 
stajged bf an expertenced pathologlat ae pTa (superficial papiUary)* 

^ The ebbrevfattorw used are: CGH, comparative gefKMnlo hybrid- 
ization; tec tranaltlonBl cell carcinoma; LOH, loab of heterozygosity; 
PA-FABP, psoriasis-associated fatty acfd-bbidlng protab^ 2D, 
two*dbnonslofiaL 
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oxS^^^/J^flf^^^ t^^J!^"" Chromosome (Cftr). GGH profites. gene locaUon and 

c^^B^^fZ.^^.!^^' . expression level along Ihe chromosome. A, expression of mRNA in Invasive tumor 733^ 

^^Z^n^^^i?^ oountefpart tumor 335. 8. expression of mRNA In invasive tumor 827 compared with ttie^lnv^f^ 

d^t^ The -2^^^^ ^ chromosomes and Is surrounded by tNn curves i^icating one sland^d 

oi^fii! «f^.f^K^^ Inclromosomes where the oon-lnvaslve tumor 336 used for comparison showed alteratbna In DNA content, tl^^tlo 

ttS3^d^«tSn^^^ be seen at www.MDLOK/sdata.htmO. The bar^ Indicate the purported location 

i^^mU^^^^^^ gene in the in^ve tumor compared with the non4nvasiv63^,pa^>^?o?^^ 

do^S^e^S^^ c^^^^ thaiat least half of the genes were lip^egulated at toast haifTtK^ 

^^'^ '^^^ ^ ^ ^ ^ unchanged (owige). If a gene was absent in one of the samples and ora^i^ 

determination of -1800 genes. Centromeres and hetefX)chfomatlc regions were excluded frooidata analysis. 



grade I and II, respectively, tumors 733 and 827 were staged as pTI 
Oiwastve hto sul>muco$a). 733 was staged as solid, and 827 was 
staged as papHiary. l>oth grade 111. 

mRNA --Tissue biopsies, obtained fresh from surgery, 

were embedded Immediately In a sodium^guanldtnlum ttiiocyanate 
soJutton and stored at -80 'C. Total Rl^ was Isolated using the 
RTifl^ol B RNA Isolation method (WAK-ChemIe Medical GMBH). 
poWj) RNA was Isolated by an o«go(dT) selection step (OligoteK 
mRNA l<(t; QIagen). 

crt/VA Preparation -^i of mRNA was used as starting material. 
The flrat and second strand cONA synthesis was performed using the 
SuperScr^t® choice system (Invltrogen) according to the manufac- 
turer's Instructions bui using an oHgo(dT) primer containing a T7 RNA 
golymefasa binding site, Ubeled cRNA vws prepared using the ME- 
QAscrlp® h vitro transcription Mt (AmWor)). eiottn*labeled OTP and 



UTP (Enzo> was used, together with (labeled NTPs in the reac^on, 
f=b«owing the in vHro Iranacriptfon reaoUon. the unincorporated nu- 
cleotides ware removed using RNeasy oohimhs (GHagon). 

Arr^ HybrfdZzatfon and Scannlng^fimy hybridization and scan^ 
nlng was modified ftwn a previous method (13). 10 ng of cRIMA was 
fragmented at 94 X fiy 35 min In buffer containing 40 mM Trfs 
acetate. pH 8.1. 100 mM KOAo. 30 mM MgOAc Prior to tiybrWizatlon 
the fragmented cRNA fn a 6x S8P&-T hybridization buffer (1 m Naa* 
10 mM Tris. pH 7.6, 0.005% Trtton). was heated to 95*0 for 6 min' 
subsequently cooled to 40 'C, and loaded onto the AffymetrU pmbe 
array cartridge. The probe array was then Incubated tor 16 h at 40 »C 
at constant rotation (60 rpm). The probe array was exposed to 10 
washes In 6x SSPE-T at 25 *C followed by 4 washes in OSx SSPE-T 
at 60 •a The btotlnylaied cRNA wai stained, with a 8treptavr<^ 
phycoerythrtn conlugate. 10 MO/ml ^^olecdar Probes) In 6x SSP&r 



38 Molecular & Cellular Ptt^toomks 1. 1 



BEST AVAILABLE COPY 




for 30 inin at 25 •C followe<^ by 1 0 washes in 6x SSPE-T at 25 *C. The 
probe arrays were scanned at 560 nm using a confocal laser scanning 
microsoope (made for Affymetrix by Hewleit-Packard). The readfrigs 
from the quantitative scanning were analyzed tjy Affymetrix gene 
expression analysis software. 

iUrcrosafeffile Aoa/y^— Microsalellile Analysis was performed as 
described previously (14). MterosateBitea were selected by use of 
wwwjioblJilm.nih.g6v/genemap98, and pdn>er sequences were ob- 
tabWd lifoni the gerKMw data base at www,g^.org. 
finom tumor and blood and ampfifiad by PGR bi a volume of 20 III for 3^ 
cycles. The ampltcons were denatured and electrophoresed for 3 h In an 
ABI Prism 377. Data were collected In the Gene Scan program fdr 
fragment analysis. Loss of heterozygosity was defined as lesa than 33% 
of one allele delected in tumor ampiicons compared wtth btood. 

Proteomic Anatysis—TCCs were mUiced Into smaO pieces and 
homogenized In a small glass homogenizer In 0.5 ml of lysis solution. 
Samples were stored at -20 *C unt« uge. The procedure for 2D gel 
electrophoresis has been described in detail elsewhere (15, 16). Gels 
were stained with silver nitrate and/or Cocftiassle Brilliant Blue, Pro- 
teins were Idenljfled by a comWnatton of procedures that included 
microsequencing, mass spectrometry, two-dimensional gel Western 
irnmunoWotting, and comparison with the itiaster two-dimensional gel 
Image of human keratlnocyte proteins; see blobase-dk/ogi-bin/ceOs. 

CGH- Hybridization of differentially labeled tumor and nonnal Df^ 
to normal metaphase chromosomes was performed as de$ci1t}ed 
previously (1 (?. RuorBsoefn4abeled tumor DNA (200 ng), Texas Red- 



labeled reference DNA (200 ng). and human Got-1 DNA po /i^ were 
denatured at 37 for 5 min and applied to denatured nornial met- 
aphase slides. Hybrlcfization waa at 37 *C for 2 dayS. After washing, 
the slides were counterstaned with 0.15 ftg/ml 4,6-diamidino-2-phe- 
nylindole in an anti-fade sohjtfon. A seoor>d hytsridization was per- 
formed for an tumor samples using fluoresceln-labeled reference DNA 
and Texas Red-labeled tumor DNA (inverse labeling) to confirm the 
abenatipns detected during the initial hybridization. Each CGH ex- 
perf ment also Included a rrarmal cpmiol hybridization using fhiorBS- 
oefev and Texas Red-labeled normal DNA. Digital Image analysb was 
used to identify chromosomal regions with abnormal fluorescence 
ratios, indicating regions of DNA gains and losses. The average 
green:red fluorescence intensity ratio profiles were calculated u&tng 
four images of each chrornosome (eight chrornosomes totaO with 
normanzaUon of the greeraed fluorescence tntensHy ratio for the 
entire metaphase and. bacl^roijnd correction. Chromosome identifi- 
cation was perfomied based on 4,6-dlam)cftKK2-pheivlindole band- 
ing patterns. Only Images showing unlfonn high mten^ fluores- 
cence with minimal background staNng were analyzed. A» 
centromeres, p arms of acrocentric chromosomes, and hoterochro- 
matic regions were excluded fmm the analysis. 

RESULTS 

Comparath/e Genomic H)^rfofizatfon~The CQH analysis 
Identified a number, of chromosomal gains and losses In the 
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Tablh I 

(>)n^taVon between anerBttoris detected by CGH and by Qxpr^ 

Top, CGH used as independent variable (if CGH alteration - what e)<presston ratio was found); bottom, altered expression used as 
independent variable fif expression alteratkin - what CGH deviation was found). 
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two Invasive tumors {stage pTI. TCCs 733 and 827). whereas 
the two non-invasive papillooes (stage pTa. TCCs 335 and 
532) showed only 9p-. 9q22-q33-, and X~, and 7+, 9q-, 
and respectively. Both invasive tumors showed changes 
(1q22-24+, 2q14.1-qter-. 3q12-q13.3-. eq12-q22-', 
9q34+, 11q12-q13+, 17+, and 20q11.2-q12+) that are typ- 
ical for their disease stage, as well as. additional alteratiotis. 
Sonne of whidi are shown In Fig. 1. Areas with gains and 
losses deviated from the normal copy number to some extent, 
and the average numerical deviation from normal was 0.4-fold 
in the case of TCC 733 and 0.3-foId for TCC 827. The largest 
changes, anwunting to at least a doubling of chfomosomal 
content, were obsen^ed at 1q23 in TCC 733 (Rg. iA) and 
20q12 In TCC 827 (Rg. IB). 

mRNA Bcpfos^ In Refatkm to DMA Cktpy Number-Jhe 
mRNA levels from the two invasive tumors fTCCs 827 and 
733) were compared with the two non-invasive counterparts 
(TCCs 532 and 335). Ttiis was done In two separate experi- 
ments In which we compared TCCs 733 to 336. and 827 to 
532, respectively, using two different scaling settings for the 
an^ys to rule out scaling as a confounidDhg parameter. Ap- 
proximately 1,800 genes that yielded a signal on the anrays 
were searched In the Unigene and Genemap data bases for 
chromosomal location, and those with a known location 
(1096) were plotted as bars covering their purf)orted locus. In 
that way It was possible to coristruct a graphic presentation of 
ONA copy number and relative mRNA levels along the Indi- 
vidual chromosomes (Fig. 1). 

For eadi mRNA a ratio was calculated between the level In 
the Invasive versus the non-Invasive counterpart. Bars, which 
represont chromosomal location of a gene, were color-coded 
according to the expression ratio, and only differences larger 



than 2-fold were regarded as Infonnath/e (Rg. 1). The density 
of genes along the chromosomes varied, and areas contain- 
ing only one gene were excluded from the calculatlor^. The 
resolution of the CGH method is very low, and some of the 
outlier dat^ may k>e tsecause of the fact that the boundaries of 
the chromosomal aberrations are not Imown at high resolutiorL 
Two sets of calculations were made from the data the 
first set we used CQH alterations as tiie Independent variable 
and estimated the frequency of expression alterations in these 
chromosomal areas. In general, areas with a strong gain of 
chromosomal material contained a cluster of genes having 
increased mRNA expression. For example. )x)tti civotno- 
somes 1q21-q25. 2p arid 9q. showed a relative gain of more 
than 100% in Dl^ copy number ttiat was accompanied by 
increased mRNA expressioin levels in the two tumor pairs (Rg. 
1). In most cases, ctvomosomal gains detected t>y CQH were 
accompanied by an increased level of transcripts in Ixjth 
TCCs 733 (77%) and 827 (80%) (TaWo I. top). Chromosomal 
losses, on the other hand, were not accompanied by de- 
creased expression In several cases, and were often regis- 
tered as having unaltered RNA levels (Table I, top). The Inabil- 
ity to detect RHA expression changes In tfiese cases was not 
because of fewer genes mapping to tiie lost regions (data not 
shown). 

In the second set of calcuiatior^ we selected expression 
aiterations above 2-fold as the independent variable and es- 
timated ti>e ^equency of CGH alterations In these areas. As 
above, we found that Increased transcript expression corre- 
lated vrfth gain of chromosomal material (rcc 733. 69% and 
TCC 827, 59%), whereas reduced expression was often de- 
tected In areas with unaltered CQH ratios (Table I, bottom], 
Furthemiore, as a control we looked at areas witii no after- 
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not detected 



Expression changes 
detected 



Expression ctianges 
not detected 



Tumor 827 versus 532 Tumor 733 versus 336 

FiGL 2. Comtatfon between maximum COH abenration and the ability to detect expression change by oMgonucteotkle array 
monitoring. The aberraflon is ahown as a numerical -fold change In ratio between Invasive tumors 827 (A) and 733 (♦) arid their non-invasJve 
counterparts 532 and 335. TTie expression change was taken from the Expnssioh tine to the rigftt In Fig. 1. which depicts the resUtlrw 
ex^sion change for a gh«n chromosomal region. Atleast half of the mRNAs from a given region have to be either up- or down^wulated 
to be scored as an expression change. All chmmosomal anns In which the CGH ratio plus or minus one standard de^/lation was ou^e the 
ratio vahie of one were included. 



ation In expression. No alteration was detected- by CGH In. 
most of these areas (TCC 733, 60% and TCC 827. 81%; see 
Table I, iyottom). Because the ablfity to observe reduced or 
Increased mRNA expression cfusteting to a certain chromo- 
somal area clearly reflected the extent of copy numt)er 
changes, we plotted the maximum CGH aberrations In the 
regions showing CGH changes ag^nst the ability to detect a 
change in mRNA expression as monitored by the oligonucleo- 
tide arrays (Rg. 2)(Eor both himors TCC 73Z (p < 0.015) and 
TCC 827 (p < 0.00003) a highly significant correlation was 
observed between the level of CGH ratio change (reflecting 
the DNA copy number) and alterations detected by the anray 
based technology (Fig. 2j) Similar data were obtained when 
areas with altered expression were used as independent vari- 
ables. These areas con-elated best with CGH when the CGH 
ratio deviated 1,6- to 2.0-fold (Table I, bottom) but mostly did 
not at lower CGH deviations. These data probably reflect that 
loss of an allele may only lead to a 50% reduction In expres- 
sion level, which is at the cut-off point for detection of e)q3res- 
slon alterations. Gain of chromosomal material can occur to a 
much larger extent, 

Miavsateime-based Detectloa of Mhor Amas of Loss- 
es— In TCC 733. several chromosomal areas exhibiting ONA 
ampHflcatlon were preceded or followed by areas with a nor- 
mal CGH but reduced mRNA expression {see Fig. 1. TCC 733 
chromosome 1q32, 2p21, and 7q21 and q32, 9q34, and 
10q22). To determine whether these results were because of 
undetected loss of chronnosomal material In these regions or 



t>ecause of other non*stnictwal mechanisms regulating tran- 
scription, we examined two nf>lcn>satellltes positioned at chro 
mosorrie 1q2&-32 and two at chromosome 2p22. Loss of 
heterozygosity (LOH) was found at both 1q25 and at 2p22 
Indicating tfiat minor deleted areas were not detected with the 
resolution of CGH (Fig. 3). Additionally, chromosome 2p In 
TCC 733 showed a CGH pattern of gain/ho change/gain of 
DNA that con-elated with transcript Increase/decrease/irH 
crease. Thus, for the areas showing Increased expression 
there was a correlation with the DNA copy number alterations 
(Fig. 1 A). As indicated above, the rhRNA decrease observed In 
the middle of the chromosomal gain was because of LOH, 
implying that one of the mechanlsnris for mRNA down*r^u- 
iation may be regions that have undergone smaller losses of 
chromosomal material However, this cannot be detected with 
the resolution of the CGH method. 

In both TCC 733 and TCC 827. the telomeric end of chro- 
mosome lip showed a normal ratio In the CGH analysis; 
however, clusters of five and three genes, respectively, lost 
their expression. Two microsatellites (D11S1760, D11S922) 
positioned dose to A4UC2, IQF2, and cathepsin D Micated 
LOH as the most ni<ely mechanism behind the loss.of expres- 
sion (data not shown). 

A reduced expression of mRNA obsen^ed in TCC 733 at 
chronrK)Some8 3q24, 11p11. 12p12.2. 12q21,1, and 16q24 
and In TCC 827 at chromosome 11p15.5, 12p11, 15qll.2. 
and 18q12 was also examined for chromosomal fosses using 
microsatellites positioned as close as possible to the gene loci 
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Fig. 3. Micro$ate!ilte analysis of loss of heterozygo^ty. Tumor 
733 showing loss of heterozyigoscty at chromosome Iqas. detected 

l>y D1S215 ctosQ to Hu class I histocompatjt>l«ty ^t^en (gene 
number 38 In Fig. 1), (b) by D1S2735 closo (o cathepsin E feene 
number 41 In Rg. l), and (c) at chromosome 2p23 by 02S22S1 dose 
to general ^*spectiin (geo© number 1 1 on Fig. 1) and of (d) tumor 827 
showing loss of heterozygosity at chromosome 18q12 by S18S11 18 
close to mitochondrtal 3-oxoacy(-coenzyme A thiolase (gene number 
12 in Fig. 1). The upper ctffVfts show the electropherogram obtained 
ftrom ndrmal DMA from leul^ocytss (W). and the low&r cmyes show the 
eteciropheragram from tumor DMA (7). In aO cases one anele is 
partially lost k\ the tumor ampllcon. 

showing reduced mRNA transcripts. Only the microsatellite 
positioned at ieq12 showed LOH (Fig. 3), suggesting that 
transcriptional down-regulation of genes In the other regions 
fnay t>e controlled by other mechanisms. 

Relation between Changes In mRNA and Protein Levels-- 
20-PAGE analysis, in combination with (Doomassle Brilliant 
Blue and/or silver staining, was carried out on all foiir tumors 
using fresh biopsy material. 40 well resolved abundant known 
proteins migrating in areas away from tfie edges of the pH 
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Fk5. 4. Correlation between protein levels as judged by 20- 
PAGE and transcript ratio. For comparison proteins were divided In 
three groups, unaltered In level or up- or down>reguiated i^iorfzontal 
axis). The mRNA ratio as detemilned by oligonucleotide arrays was 
plotted for each gene {vertical axis), a, mRMAs that were scor^ as 
preseirit in both tumors used for the ratio calculation; A, mRMAs that 
were scored as absent In the Invasive tumore (along fto/iironfa/ axfe) or 
as absent In non-invasive reference (fop of figur^. Two different 
scalkigs were used to exclude scaling as a confounder, TCCs 827 
and 532 (^ were seated with background suppression, and TCCs 
733 and 335 (eoj were scaled without suppres^oa Both compari- 
sons showed highly significant (p < Oi)05) differences in mRNA ratios 
between the groups. Pmtelns shown were as follows: Group A (from 
fefO« phosphogiucomutase 1 . ghrtathione transliofBse ctass m numt>er 
4, fatty add-blnding protein homologue. cytokeralin 15. and cyto- 
keratln 13: S (from left), fatty acid-binding protein homologue, 284d>a 
heat shocl< protein, cytol«ratin 13, and caicycfin; C<from feA). a-eno- 
lase, hnRNP 81, 28-kDa heat shock piotelri, f4-Q-a-^ and 
pre-mRNA spacing factor; D. mesothetial keratin KT (type If); £ (from 
(op), glutathione S-transferase-ir and mesothellal keratin K7 (ty^, ||); 
F (from top and hfl), adenyiyi cyclase-assodated protein, E-cadherin, 
keratin 19, calglzzartn. pho^hoglycerate mutase. annexin IV, oy- 
toskeletal y-actln. hnRNP At Integral membrane protein calnexin 
(IP9q), hnRNP H. Ixain-type dathrtn light chain-a, hnRNP F, 70-kDa 
heat shock protein, heterogeneous nuclear rt)onucleoprotein A/B, 
translatlonally controlled tumor pnatein, liver glyceraldehyde-3*phos- 
phate dehydrogenase, keratin 8, akJehyde reductase, and Na,K- 
ATPaso p-1 subunit; G. (from top and tefl), TCP20. calglzzailn. 70- 
kOa heal shock protein, calnexin, hnRNP H, cytokermm 15, ATP 
synthase, keratin 19,.triosephosphate isomerase. hnRNP F, liver glyc- 
eraldehyde-3-phosphatase dehydrogenase, glutatWone S-transfer- 
ase-ir, and keratin 8; H (from left), plasma getsdiin, autoanOgen cal- 
retteulin, thkxiedoxln, and NAD+-dependem 16 hydroxyprostaglandin 
dehydrogenase; / &rom top), piulyt 4-|iydfoxy(3$e /^subunit, cyto- 
keratln 20, cytokeralfri 17, proh»>ltton. and fnicto?e 1,6-blphos- 
phatase; J annexki II; K annexlh IV; L (from fop and fefl). 90-KDa heat 
shock protein, prolyl 4-hydroxyiase ^-subunit. o-enolase. GRP 70, 
cyclophiiin, and ooflRn. 

gradient, and fiaving a known chromosomal location, were 
selected for analysis In the TCC pair 827/532. Proteins were 
identified by a combination of methods (see ^'Experimental 
Procedures"). In genera! tiiere was a hlgWy significant cone- 
latlon (p < 0,005) between mRIMA and pn^tein alteiations (Rg. 
4). Only one gene showed disagreement between transcript 
atteratibn and protein alteration. Except for a group of cyto- 
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keratins enccxied by genes on chromosome 17 (Rg- 5) the 
anafyzed proteins did not belong to a partlcuiar farnlly. 26 well 
focused proteins whose genes had a know chromosomal 
location were detected In TCCs 733 and 335, and of these i 9 
correlated (p < 0.005) with the mRi^ changes detected usi ng 
the arrays (Rg. 4). For example, PA-FABP was highly ex- 
pressed in the non-invasive TCC 335 but k>st In the Invasive 
counterpart (FCC 733; see Rg. 5). The smaller number of 
proteins detected in both 733 and 335 was because of the 
smaller size of the biopsies that were available. 

1 1 chromosomal regions where CGH showed aberrations 
that con'esponded to the changes in transcript levels al^o 
showed con-esponding changes in the protein level enable U). 
These regk>ns Included genes that encode proteb^s that are 
found to be frequently altered in bladder cancer, namely 
cytokeratins 17 and 20. annexins II and IV, and the fatty 
acld-binding proteins PA-FABP and F8P1. Four of these pro- 
teins were encoded by genes In chromosome 17q, a fre- 
quently ampHfied chromosomal area In invasive bladder 
cancers. 

DISCUSSION 

Most human cancers have abnormal DIMA content, having 
lost some chromosomal parts and gained others. The present 
study provides some evidence as to the effect of these gains 
and losses on gene expression in two pairs of non-invaslvo 
and invasive TCCs using high throughput expression anays 
and proteomics, in combination with CGH. In general, the 
results showed that there Is a dear indivklual regulation of the 
mRNA expression of single ger>es, Whtoh in some cases was 
superimposed fay a DMA copy number jsffect In most cases, 
genes located in chromosomal areas with gains often exhibn 
ited Increased mRNA expression, whereas areas slewing 
losses showed either no change or a reduced fnRNA expres- 
sk)n^ The latter might because of the fact that losses mbst 
often are restricted to loss of one afieie, and the cut-otf point 
for detection of expression alterations was a 2-fold change, 
thus being at the border of .detectton. In several cases, how- 

Table II 





Proteins who$0 expression level cowBial^ 


with both mRNA and gene dose changes 




Protein 


Chromosomal location 


Tumor TCC 


CGH alteratkm 


Transcrtpt alteration* 


Protein aJteraUon 


Annexin II 


lq21 


733 


Gain 


Abs to PfBs* 


Increase 


Annexin IV 


2p13 


733 


Qatn 


3.9-Folci up 


Increase 


CytokeraHn17 


17q12-q21 


827 


Gain 


3.8*Fold up 


increase 


Cytokeratin 20 


17q21.1 


827 


Gain 


5.e-Fotd up 


Increase 


(PA-)FABP 


8q2t2 


827 


toss 


lO-Fold down 


Decrease 


FBP1 


9q22 


827 


Gain 


2.34^0ld up 


Increase 


Plasma getsolin 


9q31 


827 


Gain 


Abs to Pres 


Increase 


Heal shock protein 28 


ISqlZ-qlS 


827 


Loss 


2.5-Fold up 


Decrease 


Prohibftin 


17q21 


827/733 


Gain 


3,7-/2.5-FoW up^ 


Increase 


ProlyM-hydroxyl 


17q25 


827/733 


Gain 


5.7yi.e-F0ldup 


increase 


hnRNPBI 


7p1S 


827 


Loss 


ZS^ki down 


. beoease 



* Abe, absent; Pres. present 

* In cases where Ihe oonesponding alteraUons were found in both TCCs 827 and 733 these are shown as 827/733. 
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Fkl 5. Comparison of protein and transcript levels In invasive 
and non-Invasive TCCs< The upper part of the ^gum shows a 2D get 
(te/J) and the oligonucleotide an^y (rfg/iO of TCC 632. The red rectah- 
gtes on the upper gef highlight the areas that are compared below. 
Identical areas of 2D gels of TCCs 532 end 827 ane shown below. 
Clearly, cytokeratins 13 and 15 are strongly down-regulated in TCC 
827 (red annotation). The tile on the array containing probes for 
cytokeratin 1 5 is enlarged tjelow the array (ied arrow) from TCC 532 
and Is companed with TCC 827. The upper row of squares ]n each tile 
corresponds to perfect match probes; the fower row conresponds to 
mismatch probes oonUlntng a mutation (used for con-ection for un- 
spectfic binding). Absence of signal Is depicted as bfack^ and the 
higheriha signal the lighter the oolor. A high transcript level was 
detected in TCC 532 (6161 dhM whereas a much k>wer level was 
detected in TCC 827 (absence of signals). For cytokeratin 13. ah!gh 
tnanscnpt level was also present In TCC 532 (1S659 units), and a 
much lofwrer level was present In TCC 827 (623 units). The 20 gels at 
the boffiom of the flgurs 0!efl) show levels of PA-FABP and acfipocyte- 
FABP in TCCa 335 and 733 (invasive), respectively. Both protefais are 
do wn-ragUated in the kivashfe tumor. To Ihe tfght we show the anay 
tiles for the PA-FABP transcript A medium transcript level was de- 
tected in the case of TCC 335 (1277 urdts) whereas very k>w levels 
were detected In TCC 733 (166 units). laF. Isoelectrtc focusing. 
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ever, an increase or decrease In DMA copy number was 
associated wl^ /x)Wo oa;unience or cornplete loss of tran* 
sctlpt, respectively. Some of these transcripts could not be 
detected in the non-Invasive tumor txjt were present at rela- 
tively high levels in areas with DMA amplifications in the Inva- 
sive tumors [e.g, in TCC 733 transcript from cellular llgand of 
annexin li gene (chromosome 1q2i) from atisent to 2670 
arbitrary Units; in TCC 827 transcript from small proiine>rich 
protein 1 gene (chrom6some 1q12-q21.1) from absent to 
1326 arbitrary units). It may tse anticipated from these data 
that significant clustering of genes with an increased expres- 
sion to a certain chromosomal area indicates an increased 
likelihood of gala of chromosomal material In this area. 

Considering the many possible regulatory mechanisrns act- 
ing at the ievei of transcription, it seems striidng that the gene 
dose effects were so clearly detectable In gained areas. One 
hypottiedcal explanation may lie In the loss of controlled 
methylatlon in tumor ceils (17-19). Thus, it may be possible . 
that in chromosomes with Increased OHA copy nwrbers two 
. or more alleles could be demethylated simultaneously leading 
to a higher transcription level, whereas In chromosomes with 
losses the remaining allele could be partly mettiylated, turning 
off the process {20i 21). A recent report has dooumerrtBd a 
piddy regulation of gene e^cpresslon In yeast, but in this case all 
the genes were present in the same ratio 0), a situatk>n that is 
not analogous to ihat of cancer cells, whic^ show martced 
diromosbma] abermtions, as well as gene dosage effects. 

Several CGH studies of bladder cancer have shown that 
some chromosomal abenations are common at certain 
stages of disease progression, often occurring in mora than 1 
of 3 tumors. In pTa tumors, these include 9p-, 9q-, 1q+, Y- 
(2»6). andln.pTI tumors. 2q-,11p-. 11q-. 1q+, 5p+, 8q+, 
17q+, and 20q+ (2-4, 6, 7). The pTa tumors studied here 
showed similar aberrations such as 9p- and 9q22-q33- and 
9q— and Y~, respectively. Ukewise. the two nr^nlmai Invasive 
pTI tumors shK>wed aben'ations that are commonly seen at 
that stage, and TCC 827 had a remarkable resemblance to the 
commonly seen pattern of losses and gains, such as 1q22-24 
amplification (seen in both tumors), 1 1q14-q22 loss, the latter 
often linked to 17 q+ (t)oth turrwrs), and 1q+ and 9p-, often 
linked to 20q+ and 11 q13+ (both tumors) (7-9). These ob- 
servations lndk:ate tt^t the pairs of tumors used in tills study 
exiiibit chromosomal changes observed in many tumors, and 
therefore the findings could he of general. Importance for 
bladder cancer. 

Considering that the mapping resolution of CQH Is of about 
20 megabases it Is only possible to get a crude picture of 
chronnosofnal instability using this technlqua Occasionally, 
we otsserved reduced transcript levels dose to or inside re- 
gions with Increased copy numbers. Analysis of these regions 
by positioning heterozygous microsatellites as dose as pps* 
sible to the locus showing reduced gene expression revealed 
loss of heterozygosity in several cases, it seems likely that 
multiple and different events occur along each chrornosomal 



arm and that the use of cDNA mteroarrays for analysis of DMA 
copy numt>er changes will re^ch a resolution that cari resolve 
these changes, as has recently been proposed (2). The outlier 
data were not more frequent at the boundaries of the CQH 
attenuations. At present we do not know the mechanism be- 
hind chromosomal aneuplddy and cannot predict whether 
chromosomal gairis will be transcribed to a larger extent than 
the two native alleles. A mechanism as genetic imprinting lias 
an impact on the expression level in normal cells and Is often 
reduced In tumors. However, the relation between Imprinting 
and gain of chromosomal material is not known. 

We regard it as a strength of this Investigation that we were 
able to compare Invasive tumors to benign tumors rather than 
to normal urothelium, as the tumors studied were biologically 
very dose, and probably may represent successive steps in 
the progression of bladder cancer. Despite the limited amount 
of fresh tissue available it was possible to apply three different 
state of the art methods. The observed conrelation between 
DNA copy number and mRNA expression is remarkable when 
one considers that different pieces of the tumor blc^es were 
used for the different sets of experiments. This indicate that 
t>lddder tunnors are relatively homogenous, a notion recently 
supported by CGH and UOH data tiiat showed a remaricokble 
similarity eveii between tumors and distant metastasis (10, 23). 

. In the few cases analyzed, mRI^ and protein levels 
showed a striking correspondence although In some cases 
we four>d discrepancies that may be attrit)uted to translational 
regulation, post-translatfonal processing, protein degrada- 
tion, or a combir^tion of these. Some transcripts belortg to 
undertranslated mRNA pools, which are associated with few 
iranslationally inactive ritxisomes; these pools, however, 
seem to be rare (24). Protein degradation, for example, may 
be very Important in the case of polypeptides with a ^ort 
half-life (e.g. signaling proteins). A poor correlation between 
mRNA and protein levels was found In Ih/er cells as deter- 
nrilned by arriays and 2D-PAQE (25), and a moderate correla* 
tion was recently reported by kieker ef at {26) In yeast 

Interestingly, our study revealed a much better correlation 
t>etweer) gained chromosomal areas and Increased mRNA 
levels than between loss of chromosomal areas and reduced 
mRNA levels. In general, tt^ level of CGH change determined 
the ability to detect a change in trarisoript. One possible 
explanation could be that by tosing one allele the change In 
mRNA level Is not so dramatic as compared with gain of 
material, which can t>e ra^er unlimited and may lead to a 
severalfold increase In gene copy number resulting in a much 
higher Impact on transcript level. The latter would be much 
easier to detect on the expression an^ys as the cut-off point 
was placed at a 2 -fold level so as not to be t>iased by lioise on 
the an'ay. Construction of arrays witii a better signal to noise 
ratio may In the future altow detection of lesser than 2-fold 
alterations in transcript levels, a feature that may fadlitate the 
analysis of the effect of toss of chromosomal areas on tran* 
script levels 
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In eleven cases we found a significant congelation between 
DNA copy number, mRNA expression, and protein level. Four 
of these proteins were encoded by genes located at a fre- 
quently amplified area In chromosome 17q. Whether DNA 
copy number Is one of the mechanisms behind alteration of 
these eleven proteins is at present unknown and will have to 
be proved by other methods using a larger number of sam- 
ples. One factor making such studies complicated Is the large 
extent of protein modification that occurs after transtatioti, 
requiring Immunoldentiflcatlon and/or mass spectrometry to 
correctly Wentify the proteins in the gels. 

In conclusion, the results presented In this study exemplify 
the large body of knowledge that may be possible to gather In 
the future t)y combining state of the art techniques that follow 
the pathway from DNA to protein (^6). Here, we used a tradi- 
tional chromosomal CGH method, txit In the future high reso- 
lution CGIH based on microarrays with many thousand radiation 
hybfkJ-fnapped genes will increase the resolution and informa- 
tion derived from these types of experiments (2). Comtsined 
expressk>n an^ys analyzing transcripts derived from genes with 
known locations, and 20 gel analysis to obtain Infomnation at 
the post-translafional level, a clearer and rnote developed uiv 
derstarKfing of the tumor ger^nfie win be forthcoming. 
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